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Abstract

On campus at the University of British Columbia, there are targets laid out in the UBC
Biodiversity Framework addressing restoring habitat. Current monitoring of these metrics
consists solely of hectares restored, which does not account for biodiversity, function, or
cultural aspects of the area that's been revitalized. Through this project, we have created an
ecological health index that provides a way for UBC students in the coming years to monitor
ecological health in a more precise way. This index focuses on determining the health of a
site based on 11 key indicators. A second index was created to differentiate between distinct
habitat types, as they would require different indicators to measure health. Three diverse
study sites were used with different restoration needs: the Bosque, the Rhododendron Woods,
and the IKB Gardens. These indexes can be used by classes in the coming years to point out
which green spaces need restoration. Finally, we designed enhancement opportunities based
on the indicators in the ecological health index to show the potential that these sites have and
the different ways that they can be restored for the benefit of the environment and students.

Introduction

Biodiversity is an important component in campus planning, especially for UBC, where
sustainability targets seek to ensure development while protecting the ecosystem. The UBC
Biodiversity Framework includes strategies to increase biodiversity, complemented by other
policies such as the UBC Land Use Plan and Campus Vision 2050 that emphasize
connectivity and habitat (UBC, 2023a; UBC,2023b). Even though these policies offer great
insights, there is a need for clear ecological performance measures. For priority 2, there is a
focus on enhancing biodiversity through restoration and ecological health. Within the current
framework, restoration is measured by one indicator, hectares of restored area, which will be
traced through GIS over time. Although this gives us valuable information about spatial
changes, it does not provide any insight into the ecological condition of what areas need
restoration. Still, there is no discussion of particular ecological indicators and their variability
among diverse landscape types. Many campus landscapes, such as forests, gardens, and green
roofs, have an inherently complicated ecology that requires a specific set of indicators to
describe them.

In response to these gaps, this project develops and refines a set of ecological indicators that
move beyond simple area-based metrics to better represent ecological health. By linking
indicators to specific land-use types and testing them through fieldwork and spatial analysis,
this approach provides a more practical, context-sensitive framework for assessing restoration
outcomes.

Methods

The overall workflow can be summarized in four main steps:
(1) Review literature and policy documents to identify potential indicators
(2) Develop and test candidate indicators through fieldwork



(3) Organize data into a land-use indicator framework
(4) Analyze indicator suitability and identify gaps in existing land-use policies.

The indicator development process began with a targeted literature review and supporting
bibliography to identify candidate indicators linked to ecological structure, biodiversity, and
ecosystem condition. Literature emphasized key components of ecosystem health, including
biotic integrity, disturbance, and species composition (Herrick et al., 2006), as well as the
importance of using standardized but flexible indicators that can be adapted to specific urban
contexts (Chan et al., 2021; Keinath et al., 2025). Additional studies highlighted the role of
species diversity, ecological interactions, and invasive species in shaping urban ecosystem
function (Rust et al., 2024; Stout & Tiedeken, 2016).

Based on this, initial candidate indicators included vegetation layers, native, non-native, and
invasive species presence, observable ecological interactions, species richness and evenness,
soil conditions, water quality, age, disturbance, and ecological condition. These were refined
based on feasibility, field applicability, and relevance to UBC campus landscapes. Indicators
requiring additional equipment or laboratory analysis, such as soil conditions and water
quality, were excluded. The final indicators selected for the first proof of concept were
vegetation layers, species composition (native, non-native, invasive), observable ecological
interactions, species richness and evenness, and Ecological Baseline-derived indicators
including age, disturbance, and ecological condition. These indicators were measurable,
interpretable, and consistent with UBC Ecological Baseline classifications.

The workflow followed a step-by-step process across both proof of concepts. In the first
proof of concept, this included literature review and indicator development, refinement for
field testing, site selection, as seen in Figure A1, based on Ecological Baseline condition
classes, and field data collection using line-point intercept transects. Data was then entered,
organized, cleaned, and formatted for analysis, including classification of species and
calculation of species richness and evenness using the Shannon-Wiener Index. Indicators
such as age, disturbance, and ecological condition were incorporated from the UBC
Ecological Baseline and used as a reference for comparison. In the second proof of concept,
the workflow shifted to framework development by reviewing the first proof of concept
results, identifying campus land use categories, shown in Figure A2, and organizing aspects
into a land use-indicator matrix (Figure 3). Indicators were matched to land use types based
on ecological complexity, campus planning documents, and supporting literature. Gaps were
then identified where the campus target language did not clearly support ecological
assessment.

Across both proof of concepts, the indicators were incorporated in different ways. In the first
proof of concept, they were used directly to assess and compare ecological health across sites.
In the second proof of concept, they were applied more broadly by linking them to campus
land use types to support a more consistent and context-specific assessment framework.
Together, this process demonstrates how indicators can move from field-based testing to
campus-scale application.



Results

Ecological Health Index

Site Locations

Ecological Health Measurement Bosque Rhododendron IKB
Indicators
Vegetation Layers # of layers using LPI 1 layers 3 layers 5 layers
Non - Native Species # of species using LPI 1 1 4
Native Species # of species using LPI 0 4 14
Invasive Species # of species using LPI 0 6 5
Wildlife Interactions # of observed wildlife interactions 2 4 4
Soil Conditions PH & Soil Auger N/A N/A N/A
Water Quality PH & TDS (total dissolved solids) N/A N/A N/A
Species Richness & Shannon - Wiener Index (0 - 3.5) 0 0-0.17 2.13-230
Evenness
Age Based on the UBC Ecological Tall Young Forest Mature Forest Young Shrub
Baseline Report (2023)
Disturbance Based on the UBC Ecological Artificial Disturbed Artificial
Baseline Report (2023)
Ecological Condition Based on the UBC Ecological Low Moderate High
Baseline Report (2023)

Figure 1. The table presents the indicators and measurement methods used to evaluate three site locations across
campus (Bosque, Rhododendron Woods, and IKB). The data from all three locations are the averages of each
site.
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After conducting our site analysis,
information was organized into a table
to compare the average scores across
the three locations (Figure 1). Data
collected was based on the Ecological
Health Index indicators, field surveys,
and previously recorded findings from
the UBC Ecological Baseline Report
conducted by Diamondhead
Consulting. The report highlighted the
impact of age, disturbances, and

ecological conditions across the campus, with the Bosque location considered to have “low”
ecological conditions and the IKB location considered to have “high” ecological conditions
(Gudaitis et al., 2023). Based on LPI transects and field surveys, the IKB site had the highest

number of vegetation layers, the most observed ecological interactions, and the highest
species richness/evenness. In contrast, the Bosque location had the lowest values of these




indicators. The highest average number of native species was observed at the IKB, around 14
species, and the lowest at the Bosque, with 0 native plants. However, the highest average
number of invasive species was recorded in the Rhododendron Woods (Figure 2).

Land use of campus landscapes was also considered in evaluating ecological health.
Compiled in a Land-Use Indicator Matrix, each land use was identified with the current
campus alignment from UBC Campus Vision 2050 and the UBC Land Use Plan, and
organized by the recommended indicators from the Ecological Health Index (Figure 3). Due
to differences in land types and environmental conditions, the matrix presents specific
ecological health indicator targets for each land use. For example, forests across campus must
consider many factors for ecological health, such as species richness/evenness, soil
conditions, the number of vegetation layers, disturbance level, and the presence and age of
native species (Haq et al., 2023). These factors align with the specified targets in Campus
Vision 2050 and Land Use Plan, which highlight the importance of protecting and enhancing
high-value ecological areas (UBC, 2023a; UBC, 2023b). In contrast, fields require fewer
indicators for ecological health evaluations, with the main aspects of soil conditions and
disturbance level (Goulding & National Collaborating Centre for Environmental Health,
2025).

Land-Use Indicator Matrix

Land Use Campus Alignment Suggested Indicators Sources

Fields UBC Land Use Plan (P. 23) Soil Conditions, Disturbance Goulding & National
Collaborating Centre for
Environmental Health, 2025

Green Roofs UBC Land Use Plan (P. 23) Vegetation Layer, Soil Conditions, Hui etal., 2011
Non-Native, Native, Invasive,
Ecological Interactions, Richness &
Evenness, Age, Ecological Condition

Farms Campus Vision 2050 (P. 77) Vegetation Layer, Soil Conditions, Hawes, 2011
Non-Native, Native, Invasive,
Ecological Interactions, Richness &
Evenness, Ecological Condition,
Disturbance

Forests UBC Land Use Plan (P. 23 & 27) Vegetation Layer, Soil Conditions, Hagq et al., 2023
Campus Vision 2050 (P. 77) Non-Native, Native, Invasive,
Ecological Interactions, Richness &
Evenness, Age, Ecological Conditions,
Disturbance

Gardens UBC Land Use Plan (P. 23) Soil Conditions, Non-Native, Native, Schram-Bijkerk et al., 2017
Invasive, Ecological, Interactions,
Richness & Evenness

Figure 3. The table presents the campus's land uses and the recommended indicators to assess the ecological
health of these areas, supported by UBC Campus Vision 2050 and the UBC Land Use Plan.



Discussion

Key Findings

Many patterns could be observed across the site analysis results and the final indices (Figure
1, Figure 3). For instance, higher vertical levels had a positive correlation with species
richness and wildlife. In addition, the results of the index aligned with data from the
Ecological Baseline Report (2023) on the site conditions and disturbance levels, where higher
index measurements were recorded for sites that had higher ecological condition
classifications, ensuring the index was applicable and valid. The Bosque, which had the
lowest index measurements, was classified as having a lower site condition in the report.
Meanwhile, IKB, which had the highest index recordings, was classified as high site
condition. Another major finding was that UBC contained many different ecologically
complex green spaces which could not all be monitored and assessed through the same set of
indicators. More complex landscapes require broader indicator sets and simpler landscapes
should have narrower indicator sets. This was done through the Land-Use Indicator Matrix
developed to address the policy gap in meaningfully monitoring different land use contexts.

Indicator Performance

The ecological health indicators performed effectively in distinguishing differences in
ecological condition across the three study sites. Indicators such as vegetation layers, native
presence, non-native presence, invasive species presence, and species richness and evenness
(Shannon-Wiener Index) were particularly useful, as they showed clear and consistent
patterns aligned with the ecological condition classifications in the UBC Ecological Baseline
(Gudaitis et al., 2023). For example, sites with greater structural complexity and higher native
species counts also exhibited higher biodiversity values, supporting their classification as
higher ecological condition. In addition, indicators derived from the Ecological Baseline
Report, including age, disturbance, and ecological condition, were useful for validating
field-based results, as they provided a consistent reference point for comparing observed
patterns across sites.

However, not all indicators performed equally well. Observable ecological interactions were
more limited, as they depended on momentary field observations and therefore may not fully
represent ongoing ecological activity. Similarly, while age and disturbance were valuable for
contextualizing site conditions, their reliance on secondary data limited their ability to reflect
small-scale differences compared to directly measured field indicators.

Limitations

Broadly, there are extensive limitations for biodiversity planning at UBC due to the nature of
the area. First, being a quasi-municipality, many groups need to be advised and review
projects before they can be approved, which takes additional time (UBC Campus +
Community Planning, n.d.). Several limitations should be considered in the first proof of
concept, which focused on field-based testing of ecological health indicators. Data was



collected during a single sampling period and represents only a snapshot in time, meaning
ecological conditions and species presence may vary seasonally and throughout the day. This
particularly affects indicators such as observable ecological interactions, which depend on
momentary observations. In addition, the number of sites and transects was limited to three
sites with three transects each, which restricts the ability to generalize findings across the
broader UBC campus. Some indicators, including age, disturbance, and ecological condition,
were derived from the UBC Ecological Baseline Report rather than measured directly in the
field, which limits their ability to reflect fine-scale variation at the transect level. Indicators
were also not weighted, meaning each was treated equally despite differences in ecological
importance. Finally, certain indicators such as soil conditions and water quality were not
included due to time and resource constraints, limiting the overall scope of ecological
assessment.

The second proof of concept, which focused on developing a land use-indicator framework,
also has limitations because it does not include additional field testing. The framework was
built using results from the first proof of concept, campus planning documents, and spatial
data, meaning its effectiveness depends on the accuracy and completeness of those sources.
Because no additional field testing was conducted, the applicability of the indicators across
different land use types cannot be fully confirmed across all campus contexts. In addition,
campus planning language was often broad and lacked specificity, which made it challenging
to confidently assign indicators to certain land use types. This introduces some subjectivity in
how indicators were matched to land uses. As a result, while the framework provides a useful
starting point for more consistent ecological assessment, further testing and refinement would
be needed to ensure its reliability across different landscape types.

Future Applications

We developed five ecological enhancements that could positively influence the three chosen
sites, all targeting at least one indicator. They were developed with our low-biodiversity site,
the Bosque, but could be applied to most sites in need of ecological restoration on campus.
First, we came up with the idea of a vertical planter that would house Musqueum traditional
medicinal plants, as seen in Figure C1. With the aim that these vertical planters would be
managed by a new club that would emerge focused on Indigenous medicinal plants, we
would plant yarrow, nettle, skullcap, and wild rose (UBC Midwifery, n.d.). This would
address the indicators related to lack of native species presence and mixed vegetation layers,
while simultaneously separating these plants from the poor soil conditions on the current site.
Next, we observed a lack of bird diversity in the Bosque, likely due to the singular layer of
trees. The site and other low biodiversity sites on campus would positively benefit from the
addition of bird-focused plantings like western hemlock, Pacific crabapple, evergreen
huckleberry, highbush cranberry, and red alder (City of Vancouver, 2015). These trees,
selected for their diverse functions for birds, would work to provide nesting, seeds, fruit,
nectar, or insects to the vast bird species on campus. This would target the increasing species
richness and wildlife interactions indicators in our index.



The next ecological enhancement we designed was a dugout grass seating area for students to
come practice prospect refuge after a long day, as seen in Figure C2. This area, positioned out
of the way and separate from paths and traffic, would be a place of relaxation, learning, and
experience. This area, with multiple vegetation layers, has the potential to address the “lack
of age diversity” indicator in the coming years. Next, the addition of a native edible plant hill,
as seen in Figure C3, would educate students on foraging and could even be implemented
alongside the creation of a food forest or foraging club/class. This hill could include
salmonberry, huckleberry, thimbleberry, and trailing blackberry and would increase the
vegetation layers and native species presence on the site. Finally, we designed a pollinator
pathway seen in Figure C4, with the goal of attracting diverse pollinator species to campus
while simultaneously avoiding compaction around the site. This would work to improve the
soil condition indicator, as compaction would be less severe if students reduced cutting
through lawns, especially during wetter seasons like spring when flowers bloom.

Conclusion

The development of the Ecological Health Index establishes a measurable framework for
assessing the ecological health of various campus landscapes. In addition to the index, the
potential enhancement opportunities provide a path to restoration of landscapes once an
ecological health assessment is done. While this initial iteration provides a functional
baseline, it is intended to serve as an evolving tool rather than a final product, with potential
for further refinement to align with UBC’s long-term biodiversity and land-use objectives.
Future iterations, supported by increased funding and extended timelines, would allow for a
significant expansion in both scale and depth. This includes the integration of ecological
metrics such as soil health and water quality that were not sampled due to resource
constraints. Furthermore, more time and funding can lead to increasing the number of
research sites for a higher sample size to develop the index. Ultimately, the long-term success
of this framework depends on the consistency of monitoring, which is dependent on the
allocation of resources. One low-cost opportunity for the implementation of monitoring of the
index is through usage of existing classes at UBC, such as UFOR220 Tree Inventory. Beyond
field metrics, addressing the gaps in land use policy more thoroughly is another major
opportunity. Although the Land Use Indicator Matrix provides guidance, there were several
missing land use targets that could not be found in current policy documents that should be
integrated in the future.
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Appendix A

lona Dr

R

University
Endowment

W 16th Ave

» Wesbrook
9, Village
- o

%

¢

Legend

"] Rhododendron Wood
[Ixs

[ The Bosque

) UBC_Boundary

0 025 05 1 Kilometers

Figure Al. A map representing the three locations (Bosque, Rhododendron Woods, and IKB) of our ecological
health site assessments. Created by Hui Guo.

Figure A2. Map of the land uses across campus. Soft landscape geodata published by UBC was obtained from
GitHub (2024) and published onto a map with the symbology changed to better represent different land uses
across campus. Created by Randeep Sekhon.
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Appendix B

Figure B2. Photos taken of the Rhododendron Woods site in the areas near our transect lines.
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Figure B3. Photos taken of the IKB site in the areas near our transect lines.
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Appendix C

Figure C3: Edible native plant hill for students to learn about foraging and food forests.
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C4. Pollinator pathway to encourage biodiversity and reduce compaction across campus.
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